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Abstract
This study uses annual data from 1974 to 2011 to
examine the long-run and short-run relationships
between fossil fuel powered electricity consump-
tion, economic growth, energy prices and techno-
logical innovation for four net energy exporting
countries. Canada, Ecuador, Norway and South
Africa are chosen as the main research background
in order to investigate how the development degree
and economic dependence on energy exports affect
the electricity-growth nexus. Based on the results
drawing from the ARDL approach and the Granger
causality test, economic growth positively influences
the variation in fossil fuel powered electricity con-
sumption in both the short-run and long-run for all
four countries. The reverse causality from electricity
consumption to economic growth is only evident in
Ecuador and Norway. The degree of dependence
on energy exports is a contributory factor of
explaining the causality puzzle of the electricity-
growth nexus. Given the fact that technological
innovation does not benefit fossil fuel powered elec-
tricity generation, this paper suggests these net
energy exporting countries to replace fossil fuel with
more sustainable and effective sources in the elec-
tricity generation process.
Keywords Electricity-growth hypothesis; energy
prices; technological innovation; ARDL approach;
VEC model; Granger causality 
1. Introduction
Growing concerns over shortages in fossil fuel
supply have triggered the interests of many studies
on investigating the relationship between electricity
consumption and economic growth. Although new
results have continued to emerge from empirical
studies on the electricity-growth nexus since the
1970s, there is still a lack of consensus on the deter-
minants of this relationship (Payne, 2010).
According to Narayan and Prasad (2008), two-
thirds of available studies published in Energy
Policy and Energy Economics find a unidirectional
Granger causality running from electricity con-
sumption to economic growth in both developed
and developing countries. In other words, imple-
menting electricity conservation policies could slow
down economic growth due to the fact that most
countries are economically dependent on the
expansion in the electricity-gulping industries to
support their social developments (Murry and Nan,
1996; Wolde-Rufael, 2006; Chen et al., 2007;
Narayan and Prasad, 2008). 
Moreover, although a series of price hikes in fos-
sil fuel and the agreement of phasing out inefficient
fossil fuel subsidies in G20 benefited fossil fuel
exporting economies in year 2008, this lucrative
exporting income stream did not sustain due to the
beginning of the first commitment period (2008-
2012) of the Kyoto Agreement (G20 Research
Group, 2013). During the first commitment period,
the annual average price of crude oil, natural gas
and coal has been dropping from $98.69 (per bar-
rel), $8.78 (per MMBTU) and $127.10 (per MT) to
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$109.39 (per barrel), $2.79 (per MMBTU) and
$94.03 (per MT), respectively. A high correlation
between fossil fuel rents and fossil fuel prices has
significantly caused the income inflows of net ener-
gy exporting countries vacillated (reported in Table
1). Further, the energy sustainability and environ-
mental impacts of using fossil fuel have significantly
influenced fossil fuel users and energy exporting
economies (United Nation, 2005). Therefore, net
energy exporting countries are required to gauge
the optimal balance (or opportunity costs) between
exporting fossil fuel and in-home utilization in elec-
tricity generation for the sake of stabilizing their
economies.
However, Payne (2010) noticed that the growth
hypothesis is usually inapplicable to explain the
electricity-growth nexus in net energy exporting
countries because of their strong energy security
and a significant share of energy exports in GDP.
Besides, changes in a country’s development
degree might also influence the electricity-growth
nexus in that country since different economic
stages require dissimilar policy treatments in elec-
tricity generation to support economic develop-
ments. Thus, the development trajectory and eco-
nomic dependence on energy exports of a country
are significant criteria for studies on the relationship
between energy consumption and economic
growth. An attempt to introduce a categorization on
the degree of economic development and depend-
ence on energy exports (or fossil fuel rents) is nec-
essary to reduce contradictory results regarding the
electricity-growth nexus in the energy exporting
economies (Chen et al., 2007; Squalli, 2007;
Narayan and Prasad, 2008; Payne, 2010).  
According to Tang and Tan (2012; 2013), tech-
nological innovation and fossil fuel prices play a sig-
nificant role in the decision making process of gaug-
ing the optimal balance. This is because technolog-
ical innovation decides the efficiency and sustain-
ability of using a certain type of electricity generat-
ing method, such as fossil fuel-fired power plant
(Popp, 2001); while energy prices determine the
impacts of volatile energy prices on the price of fos-
sil fuel powered electricity (Jamil and Ahmad,
2010). Given the global focus on averting the
tragedy of the commons, technological innovation
can also serve as a driver of energy-saving tech-
nologies (Tang and Tan, 2013), or an alternative
measure to reduce a country’s reliance on fossil fuel
powered electricity (Popp, 2001), in the contempo-
rary context. Hence, without considering the
impacts of technological innovations and energy
prices on the electricity-growth nexus, policy makers
are unlikely to make a sound conclusion regarding
the feasibility of implementing energy conservation
policies in fossil fuel powered electricity generation.
Since numerous studies have concluded the
effect of economic development and fossil fuel rents
on the electricity-growth nexus (Payne, 2010) and
the energy-growth nexus (Ozturk, 2010), we have
chosen four countries to incorporate these impacts
into the examination of the nexus of fossil fuel pow-
ered electricity consumption, economic growth, rel-
ative prices of fossil fuel to non-energy goods and
technological innovation in net energy exporting
countries. Canada and Norway represent devel-
oped economies, while Ecuador and South Africa
represent developing economies. In addition,
Canada and South Africa depend little on energy
exports, while Norway and Ecuador are more eco-
nomically dependent on energy exports (reported
in Table 1). Besides, one unique characteristic for
the high dependence group is that they have expe-
rienced a persistent increasing trend in the fossil fuel
energy consumption over 1971 to 2011 (as shown
in Figure 1). Table 2 categorizes these countries into
a matrix following their respective economic devel-
opment degree and fossil fuel rents. Worth to men-
tion, both Norway and Canada have introduced
explicit energy conservation policies, which are
Green Paper and energy efficiency regulations, to
curb excessive electricity consumption.
Table 2: Countries chosen by development
degree and fossil fuel rents
Economic development Fossil fuel rents
High Low
High Norway Canada
Low Ecuador South Africa
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Table 1: Fossil fuel rents of four net energy exporting countries 
(World Bank Indicator, 2014a; 2014 b; 2014c)
2008 2009 2010 2011 2012
Canada (%) 6.86 2.8 3 3.73 3.3
Ecuador (%) 26.97 15.1 17.78 21.56 19.35
Norway (%) 21.79 13.08 13.15 13.54 11.86
South Africa (%) 7.6 2.76 3.65 4.63 3.48
Four countries (%) 15.8 8.44 9.39 10.86 9.5
Fossil fuel index ($) 78.19 46.51 61.05 74.08 64.39
Correlation between national fossil fuel rents and fossil fuel index 0.8035
This study aims at providing two main contribu-
tions to the energy literature. First, this paper
deploys the Granger causality test under the error
correction model to extend the evaluation of the
electricity-growth nexus for four net energy export-
ing countries. Following the matrix that categorizes
these countries according to their respective eco-
nomic development and fossil fuel rents, the causal-
ity result will be constructive to determine the statis-
tical magnitude of economic development and fos-
sil fuel rents in the electricity-growth nexus. Second,
instead of using total electricity consumption like
the majority of the previous researches, this paper
employs fossil fuel powered electricity consumption
to investigate the necessity of using fossil fuel pow-
ered electricity that could endanger the environ-
ment. Last, the advancement in technology could
result in fossil fuel powered electricity being substi-
tuted by other sources to combat the emission issue,
or being improved to minimize social costs.
Primarily, this paper targets to examine the
direction of causality and both the short-run and
long-run relationships between fossil fuel powered
electricity consumption, economic growth, relative
prices of fossil fuel to non-energy goods and tech-
nological innovation for four net energy exporting
countries following the preceding matrix. In light of
the Kyoto Agreement, global shrinkage in the use of
fossil fuel may increase the impact of economic
growth on fossil fuel powered electricity consump-
tion to countries with high fossil fuel rents. The rea-
son is that they would convert their energy exports
into in-home utilization in commensurate with the
variation in international prices. Since the initiatives
to combat climatic changes are a global action, a
number of developing countries have also
embarked to use the energy efficiency practice to
control the repercussion of economic growth on the
environment (Bildirici and Kayikci, 2012; UNIDO,
2011). If fossil fuel powered electricity consumption
positively influences economic growth, an energy
conservation policy could only protect the environ-
ment at the expenses of economic growth.
The rest of the paper is organized as follows:
Section 2 reviews those past studies that have
examined the electricity-growth nexus. Section 3
presents the research methodology. Section 4 dis-
cusses the results. The final section concludes this
study with a summary of the main findings, and
with several implications of this study to theoretical
contribution and policy making.
2. Literature review
Following the seminal work of Kraft and Kraft
(1978), the energy-growth nexus has been studied
extensively by many scholars (e.g. Erol and Yu,
1987; Hwang and Gum, 1991; Cheng and Lai,
1997; Soytas and Sari, 2003; Lee and Chang,
2008; Tang and Shahbaz, 2013). The massive
accumulation of studies analysing the energy-
growth nexus without a substantive consensus has
led to a shift from explaining this traditional nexus
to generalize the nexus’s fundamentals to the scope
of electricity consumption (Ozturk, 2010). 
According to the literature survey of Payne
(2010), empirical results of the electricity-growth
nexus can be categorized into four general stances
following the direction of causality between electric-
ity consumption and economic growth. First, the
electricity-led-growth stance suggests that a laissez-
faire approach of expanding electricity is benign to
economic growth since electricity consumption one-
way Granger causes economic growth. Second, the
economy-driven-consumption stance proposes an
expansion in economic development unidirection-
ally elevates the electricity consumption degree.
Third, the bidirectional stance postulates that the
reciprocal relationship between electricity consump-
tion and economic growth simultaneously interlocks
the causal link between electricity consumption and
economic growth. Last, the neutrality stance sur-
mises that there is no causality between electricity
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Figure 1: Fossil fuel energy consumption per capita 
(World Development Indicator, 2014d; 2014e)
consumption and economic growth. In short, the
direction of causality determines the weight of the
pros and cons of implementing electricity conserva-
tion policies.
Murry and Nan (1996) investigated the electric-
ity-growth nexus for 23 countries over the period
1970-1990 by deploying the Granger causality test
within the vector autoregressive (VAR) model. Their
results showed that electricity consumption Granger
causes economic growth in Canada, while this rela-
tionship is not evident in Norway. However, a sub-
sequent study by Narayan and Prasad (2008)
revealed that this relationship does not exist in both
Canada and Norway once the research time span
had been extended from 1960-2002. Similarly, a
following study by Bildirici et al. (2012) suggested
that congruence in results could be not archived in
Canada via using the autoregressive distributed lag
(ARDL) model to investigate the electricity-growth
nexus in Canada over the period from 1978 to
2010. Their results suggested a unidirectional
Granger causality running from electricity con-
sumption to economic growth, which contradicts
the results of Narayan and Prasad (2008). Although
all of these studies were adopting the Granger
causality test to observe the direction of causality,
different model specifications (e.g. VAR and ARDL)
and research time spans yielded dissimilar results
with the passage of time.
An inconsistency in the results of the nexus is not
only limited to Canada, but also present in Ecuador
and South Africa. According to the panel study of
Mehrara (2007), there is a strong unidirectional
Granger causality from economic growth to elec-
tricity consumption in 11 oil exporting countries,
inclusive of Ecuador, over the period from 1971 to
2002. However, Yoo and Kwak (2010) reported an
opposite result against the findings of Mehrara
(2007) for Ecuador, for the reason that a panel
study may only recapitulate the brief symptom of a
region. Yoo and Kwak (2010) found electricity con-
sumption Granger causes economic growth in
Ecuador over the period 1975-2006, using the
Hsiao version of the standard Granger causality
test. Apergis and Payne (2011) also reported a uni-
directional Granger causality from electricity con-
sumption to economic growth for the panel of
lower-middle income countries, inclusive of
Ecuador.
Moreover, employing the Toda-Yamamoto
causality test, Wolde-Rufael (2006) concluded that
the electricity-growth nexus is not significant in
South Africa over the period from 1971 to 2001.
Wolde-Rufael’s (2006) findings were dismissed by a
chronologically later study from Squalli (2007),
which found a significant effect of electricity con-
sumption on economic growth in South Africa. In
the panel study of Apergis and Payne (2011), they
documented a bidirectional relationship between
electricity consumption and economic growth in
South Africa. The only exception to inconsistent
results is that the neutrality in the electricity-growth
nexus in Norway has been consistent across differ-
ent time spans and methodologies (Murry and Nan,
1996; Narayan and Prasad, 2008).
By summarizing 65 studies relating to the elec-
tricity-growth nexus, Payne (2010) highlighted that
the assessments of the electricity-growth nexus in
the past were problematic because of the use of
small sample size and mixed integration order in the
variable series. He also noticed that a panel study is
generally insufficient to capture the inner economic
essence of a country, and incapable to reflect that
essence in the research output of a panel study.
Namely, accurate suggestion to a specific country is
unlikely to be yielded from a panel study, even
though Narayan et al. (2010) found the globe gen-
erally expresses a bidirectional relationship between
electricity consumption and economic growth in
their global panel study. Therefore, instead of sim-
ply extending the research by stretching the
research time span, Payne (2010) suggested that a
significant progress in dissecting the nexus, and in
minimizing the omitted-variable bias, may be
achieved by incorporating new endogenous (or
exogenous) variables to depict a clearer picture of
the relationship between electricity consumption
and economic growth.
The contradictory evidences from those past
studies support Payne’s (2010) and Ozturk’s (2010)
call to search a new way of structuring the research
framework of the nexus. They suggested that using
better methodologies and more explanatory vari-
ables may obtain a more robust result than those
incongruent past studies. This study seeks to stretch
the boundaries of previous researches to test the
relationship between electricity consumption and
economic growth, using the additional variable of
technological innovation attempted by Tang and
Tan (2013), to explain the variation in fossil fuel
powered electricity consumption for net energy
exporting countries. Additionally, this study catego-
rizes net exporting countries according to their
respective economic development and fossil fuel
rents in order to determine if economic develop-
ment and fossil fuel rents matter in the electricity-
growth nexus. It is hoped that these paths will yield
some valuable insights on the electricity consump-
tion debate (Payne, 2010).
3. Research methodology
The variables used in this paper include per capita
fossil fuel powered electricity consumption, per
capita real GDP, relative prices of fossil fuel to non-
energy goods and the number of patents filed. The
research time span of this study is from 1974 to
2011. All secondary data were extracted from
World Bank and World Development Indicators.
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Although the scale of technological innovation is
difficult to estimate, this paper uses the amount of
patenting activities as the proxy of technological
innovation following the suggestions of several
empirical works that have used the number of
patents as a measure of technological innovation
(e.g. Grupp, 1996; Pavitt, 1985; Patel and Pavitt,
1994; Anderson, 1999; Hall et al., 2001; Dachs et
al., 2007; Schmoch, 2007; Chen et al., 2009; Ang,
2010; Jamasb and Pollitt, 2011; Lee and Lee,
2013; Tang and Tan, 2013). This is because the
number of patents can be considered as codified
interests of innovators in technological progress
(Popp, 2005; Duguet and Macgarvie, 2005; Wong
and Goh, 2010).
Moreover, this paper uses the relative prices of
fossil fuel to non-energy goods as a proxy of energy
prices since energy prices in different countries are
subject to dissimilar degrees of governmental (e.g.
subsidies) and economic (e.g. price disparity) influ-
ences. The relative prices of fossil fuel to non-ener-
gy goods is superior to the Consumer Price Index in
the role of representing energy prices because this
proxy deflates international fossil fuel prices by a
national deflator, and reflects the real purchasing
power of consumers toward fossil fuel in an econo-
my (Tang and Tan, 2012). The relative prices of fos-
sil fuel to non-energy goods are customized in
accordance with the historical share of fossil fuel
(coal, natural gas and oil) in total electricity produc-
tion for each country. Hence, adopting the relative
prices of fossil fuel price to non-energy goods mini-
mizes the error of using a standardized proxy and
raises the reliability of the proxy in capturing the
impact of energy prices on electricity consumption
(Tang and Tan, 2012; Tang et al., 2013). 
This paper indirectly adapts the model specifica-
tion from Tang and Tan (2013). Two modifications
are applied to the original model of Tang and Tan
(2013), in which this paper replaces the indirect
measure of energy prices (CPI) by the relative prices
of fossil fuel to non-energy goods and substitutes
the variable of total electricity consumption by fos-
sil fuel powered electricity consumption. The rela-
tionship between fossil fuel powered electricity con-
sumption, energy prices, economic growth and
technological innovation is expressed as follows:
ln ECt = βo + β1 ln GDPt + β2 ln EPt 
+ β3 ln PTt + εt (1)
where ln denotes the natural logarithm, ECt is per
capita fossil fuel powered electricity consumption
(kg of oil equivalent), GDPt is per capita real gross
domestic product (in domestic currency), EPt is the
relative prices of fossil fuel to non-energy goods
(average fossil fuel prices adjusted by national
deflator) and PTt is the number of patents filed by a
country. The error term  t is assumed to be nor-
mally distributed and homoscedastic. Based on the
previous studies, the expected signs for the coeffi-
cient of economic growth, energy price and
technological innovation are  1 > 0,  2 < 0, and
 3 < 0, respective bely. This is because economic
growth is triggered by the prosperity of economic
activities, where these economic activities are con-
suming electricity (Payne, 2010). Further, an
increase in electricity price will lower the demand
for electricity consumption, ceteris paribus (Jamil
and Ahmad, 2010). Lastly, technological innova-
tion may contribute to the development of energy-
saving technologies (Popp, 2001) and better fuel
efficiency (DECC, 2012).
3.1 Unit root tests
According to Granger and Newbold (1974) and
Phillips (1986), a time-series model may produce
invalid estimates if the stochastic process is non-sta-
tionary. Since the existence of cointegration among
the variables is an essential prerequisite for the
Granger causality test (Masih and Masih, 1998),
applying a stationarity test prior to the cointegration
test prevents this research from adopting a wrong
cointegration approach in testing the causal rela-
tionship between the variables (Granger and
Newbold, 1974; Engle and Granger, 1987). Thus,
to minimize the possibility of yielding a spurious
relationship, this paper provides a preliminary view
of the stationarity properties of the variables before
embarking on the cointegration approach or causal-
ity test.
Prior to the cointegration test, we employ the
Augmented Dickey Fuller (ADF, Dickey and Fuller,
1979) and Phillips Perron (PP, Phillips and Perron,
1988) unit root tests to ascertain the order of inte-
gration of each series. However, Perron (1997) and
Bai and Perron (1998) found the presence of struc-
tural breaks within a data series might make tradi-
tional standard unit root tests less effective in exam-
ining the stationarity properties of data series. Thus,
in addition to the Augmented Dickey-Fuller and
Phillips Perron unit root tests, this paper also applies
the Zivot–Andrews (ZA, Zivot and Andrews, 1992)
unit root test with one structural break to confirm
the order of integration of each series because tra-
ditional unit root tests may be inappropriate when a
series contains structural breaks. 
This study adopts the Akaike Information
Criterion with a maximum lag of 6 lags as the basis
for selecting the amount of lagged terms for the
Augmented Dicket Fuller and Zivot-Andrews unit
root tests. The bandwidth of the Phillips Perron test
is chosen on the basis of the Newey and West data-
based automatic bandwidth parameter method.
The null hypothesis of these unit root tests assumes
a unit root in the data series examined. Rejecting
the unit root test’s null hypothesis is necessary to
further the research process of this study. Simul-
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taneously examining the stationarity properties of
both the level and first difference data series pro-
vides this study the integration order among all data
series. This information gauges the appropriateness
of using traditional cointegration approaches.
3.2 Autoregressive distributed lag (ARDL)
model to cointegration
Following the assessment of data series’ stationarity,
we apply the ARDL bounds testing approach to test
the presence of cointegration among electricity con-
sumption, energy prices, economic growth and
technological innovation for Canada, Ecuador,
Norway and South Africa. Although several
approaches exist for testing the presence of cointe-
gration among the variables, the ARDL model is
considered to be the best approach for this purpose
(Pesaran and Shin, 1999; Pesaran et al., 2001).
This is because the Engle and Granger (1987),
Johansen (1988) and Phillips and Hansen tests
(1990) are subject to the constraint of first difference
integration order. When the integration order
among the variables is mixed among I(0) and I(I),
these cointegration tests might yield unreliable
results. However, the ARDL bounds testing
approach is flexible to test for the presence of coin-
tegration among the variables regardless of I(0), I(1)
or I(0)/I(1). Besides, the ARDL model yields a con-
sistent output even if the sample size is small. This
is because this model effectively corrects for the
endogeniety problem among the explanatory vari-
ables and the estimates derived from the approach
(Narayan, 2005; Emran, et al., 2007). Hence, we
apply the ARDL model over the other approaches
to test for the presence of cointegration among elec-
tricity consumption, energy price, economic growth
and technological innovation. The ARDL model is
expressed as follows:
where ∆ denotes the first difference and θ is the
residual terms of the relationship. The Akaike
Information Criterion (AIC) is applied to select an
appropriate minimum lag length to test the cointe-
gration property because the Bayesian Information
Criterion is too parsimonious for a small sample size
(Liew, 2004). Since the F-statistics is susceptible to
the lag order selection, an inappropriate lag length
selection may create a research output error. Pes-
aran et al. (2001) generated two sets of asymptotic
critical values, which are an upper critical bound
and a lower critical bound, to evaluate whether
cointegration exists between two or more series.
There is a long run relationship between the vari-
ables if the calculated F-statistics is greater than the
upper critical bound. If the calculated F-statistics is
lower than the lower critical bound or is in between
the bounds, there is no cointegration among the
variables. If all variables are cointegrated, the error
correction model is an appropriate method to inves-
tigate the long run equilibrium among the variables.
This paper adopts the list of critical bounds gener-
ated by Narayan (2005) to test for the presence of
cointegration among the variables.
3.3 Granger causality test
When two variables are cointegrated, these vari-
ables will converge into a long run equilibrium
which mechanistically prevents these cointegrated
variables drifting away from each other in the long
run (Engle and Granger, 1987). According to
Granger (1969; 1988) and Enders (1995), the
Granger causality test is the best fitted model to
investigate the causal relationship between two
variables by including the lagged terms of both vari-
ables to explain the variation in the dependent vari-
able. If the inclusion of lagged observations does
significantly explain the variation in the dependent
variable, the explanatory variable is said to Granger
cause the response variable. Engle and Granger
(1987) emphasized that two cointegrated time
series will at least yield a unidirectional Granger
causality from one variable to another variable.
To examine the direction of causality between
the variables, the Granger causality test is used to
investigate the relationship between electricity con-
sumption, economic growth, energy prices and
technology innovation for Canada, Ecuador,
Norway and South Africa. The Granger causality
test is performed within the following vector error
correction model (VECM):
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where ∆ is the first difference operator and l is the
optimal lag order determined by the AIC. The error
terms (θ1t, θ2t, θ3t, θ4t) are assumed to be nor-
mally distributed and homoscedastic. The t-statistics
of the estimate of lagged error term, e.g. η1εt -1, with
negative sign is used to test the convergence speed
of the relationship against the long run equilibrium.
The F-statistics of first difference lagged independ-
ent variables is used to investigate the short run
causality between the variables under the examina-
tion of Wald test. The explanatory variables are said
to Granger cause fossil fuel powered electricity con-
sumption, only if β1i, δ1i and ζ1i are significantly dif-
ferent from zero, et cetera. If the variables are not
cointegrated, a first difference vector autoregressive
model will be adopted to test for the short-run
Granger causality between electricity consumption,
economic growth, energy prices and technological
innovation (Lutkepohl, 1991).
4. Findings and discussion 
As shown in Table 3, the results of the unit roots test
consistently reveal that all variables are stationary at
first difference with the only exception that electric-
ity consumption is stationary at level in South
Africa. By incorporating the presence of a structural
break into the unit root test, the results of the Zivot-
Andrews test indicate that few data series are also
stationary at level. This finding is consistent with the
claim that most of the macroeconomic variables are
stationary at first difference, although some could
also be stationary at level (Perron, 1989). Worth to
mention, the presence of structural break amplifies
the stationarity issue for South Africa and Ecuador.
This is because developing countries are more like-
ly to experience structural economic changes than
developed economies. Since all variables are not
purely integrated of order one, the Johansen (1988)
and Engle and Granger (1987) cointegration tests
may be less useful to investigate the presence of
cointegration among the variables. Besides, the
small sample size of this paper might yield a less
consistent result in the traditional cointegration
tests. Owing to these reasons, this paper adopts the
ARDL approach to cointegration to investigate the
presence of long run relationship between the vari-
ables. 
As mentioned earlier, the ARDL approach to
cointegration is suitable to investigate the presence
of cointegration among the variables when the sam-
ple size is small, and when the variables are subject
to the issue of I(1)/I(0). Hence, this model is appro-
priate for this study since the sample size only con-
sists of 38 observations for each variable, and
because those variables have possible mixed inte-
gration orders below I(2). The F-statistic for the
ARDL bounds testing approach and the diagnostic
test results are reported in Table 4.
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Table 3: Unit root tests’ results
Country ADF PP ZA (Levels)
Electricity consumptionLevels First differences Levels First differences Intercept Intercept and trend
Ecuador 0.7435[0] 0.0005[0]§ 0.6462[2] 0.0005[1]§ -5.5976[1]{1984}§ -5.1924[1]{1984}†
South Africa 0.0065[0]§ 0.0009[0]§ 0.0046[3]† 0.0010[2]§ -3.1603[0]{1998} -2.9204[0]{1998}
Canada 0.2130[0] 0[0]§ 0.2132[1] 0[1]§ -2.8983[0]{2005} -3.8872[0]{2000}
Norway 0.6626[0] 0[0]§ 0.6841[2] 0[1]§ -4.8171[0]{1990}* -4.7462[0]{1990}
Economic growth
Ecuador 0.8627[1] 0.0003[0]§ 0.2400[3] 0.0003[3}§ -2.9518[1]{1987} -3.0715[1]{1999}
South Africa 0.1166[0] 0[1]§ 0.1098[2] 0[14]§ -5.3550[1]{1990}§ -5.3485[1]{1990}†
Canada 0.8542[1] 0.0080[0]§ 0.7468[2] 0.0108[4]† -3.6851[1]{1993} -3.2106[1]{1992}
Norway 0.2812[0] 0[0]§ 0.3164[2] 0[1]§ -3.9587[0]{2003} -3.8755[0]{2003}
ADF PP ZA (Level)
Energy price Level First difference Level First difference Intercept Intercept and trend
Ecuador 0.7499[0] 0[0]§ 0.7499[0] 0[4]§ -3.4875[0]{1986} -3.3766[0]{1986}
South Africa 0.8363[3] 0.0448[2]† 0.5992[3] 0[1]§ -3.5056[3]{2006} -3.9314[3]{2001}
Canada 0.7958[0] 0.0001[0]§ 0.7729[2] 0.0001[1]§ -3.2368[3]{2004} -4.0983[3]{1997}
Norway 0.6464[0] 0.0004[0]§ 0.6746[2] 0.0002[11]§ -3.5924[1]{1996} -3.8612[1]{1997}
Technological innovation
Ecuador 0.6329[0] 0[0]§ 0.7028[4] 0[1]§ -3.5803[0]{2003} -4.6985[0]{1994}
South Africa 0.8487[0] 0.0005[0]§ 0.8188[2] 0.0006[3]§ -3.3393[1]{1996} -4.0113[1]{1998}
Canada 0.3078[0] 0[0]§ 0.3097[4] 0[3]§ -4.4241[4]{1990} -4.2864[4]{1990}
Norway 0.2607[1] 0.0053[0]§ 0.9381[1] 0.0057[3]§ -1.8563[1]{2005} -4.0390[1]{2005}
§, † and * denote rejection of null hypothesis at the 1%, 5% and 10% significance levels, respectively.
[] denotes the optimal lag for both ADF test and ZA test, and a bandwidth for the PP test. {} denotes a structural breakpoint for the ZA test.
Statistically, a long run equilibrium among the
variables is only present when the calculated F-sta-
tistic for the bounds test is greater than the upper
bound I(1) critical value (Narayan, 2005). The
results of Equation (2) suggest that there is a long
run relationship between fossil fuel powered elec-
tricity consumption, economic growth, relative
prices of fossil fuel to non-energy goods and tech-
nological innovation for Ecuador, South Africa,
Canada and Norway. The model specification for
Ecuador and South Africa, i.e. Fec(EC / GDP EP
PT), is significant at the 10% significance level,
while the same model specification for Norway and
Canada is significant at the 5% significance level.
The findings suggest that energy prices, economic
growth and technological innovation are associated
with fossil fuel powered electricity consumption in
the long run. Besides, the results also show that the
model specification is correct as the presence of
cointegration is observed in all the examined coun-
tries (Perman, 1991). Hence, the null hypothesis of
no cointegration can be rejected.
The Jarque-Bera statistics show that the residu-
als of the model are normally distributed (see Table
4). In addition, the results of the Breush-Godfrey
and ARCH LM tests indicate that those errors terms
are free from the issues of serial correlation and het-
eroscedasticity. Furthermore, the Ramsey RESET
test’s results show that the model is correctly speci-
fied as a linear regression since the null hypothesis
of the Ramsey RESET cannot be rejected even at
the 10% significance level. Hence, based on these
diagnostic tests’ results, the ARDL model is unlikely
to be affected by any known spurious effect on
regression over the sample period from 1974 to
2011.
Since the presence of cointegration among the
variables is confirmed, an estimation of the long run
coefficients from the ARDL model is necessary for
observing the long run behaviour of the determi-
nants of fossil fuel powered electricity consumption.
Table 5 presents the results of the long run coeffi-
cient of fossil fuel powered electricity consumption
using the ARDL model.
Three unique trends are evident from the results.
First, the endogenous growth theory may be inap-
plicable to the electricity-growth nexus in the fossil
fuel powered electricity generation sector. Although
technological innovation may have raised the effi-
ciency of overall electricity generation in Malaysia
(a net energy exporting country) as suggested by
Tang and Tan (2013), it does not show any long-run
relationship with the use of fossil fuel in electricity
generation for all net energy exporting countries
documented in this study. According to World
Development Indicator (2014f), the globe, especial-
ly developed economies, has been progressively
shifting from fossil fuel-fired plant to alternative
electricity generation methods (e.g. wind, hydro
and etc.) even though fossil fuel is the cheapest
solution to generate electricity. Thus, a progressive
shift from the use of fossil fuel to alternative energy
(e.g. hydro, wind and etc.) in electricity generation
contributes to the divergence in results (Sagar and
Holdren, 2002; U.S. EIA, 2011; Wonglimpiyarat,
2010). 
Another feasible reason for the insignificance of
technological innovation on electricity consumption
is that fossil fuel powered electricity consumption
has been gradually falling in developed economies
over the past few decades, due to the advocacy of
environmental protection (Lee and Lee, 2013).
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Table 4: F-statistics for investigating the existence of long run equilibrium among the variables
Ecuador South Africa Canada Norway
Fec(EC / GDP EP PT) 4.2435* 4.4924* 6.0957† 4.8665†
Optimal maximum lag 5,5,6,6 3,4,1,5 6,4,5,4 6,4,2,0
Lower I(0) Upper I(1)
Critical value bounds (F-tests)
1% 5.018 6.61
5% 3.558 4.803
10% 2.933 4.02
Diagnostic tests
Jarque-Bera 0.6218 (0.733) 0.5470(0.763) 0.7723(0.680) 1.6797(0.432)
Breusch-Godfrey 1.3243(0.262) 0.9450(0.331) 0.0831(0.773) 1.3377(0.247)
ARCH 1.3243(0.271) 0.4029(0.526) 1.4873(0.223) 0.2888(0.591)
RAMSEY 0.7848(0.442) 0.6622(0.416) 0.5065(0.477) 0.0011(0.974)
† and * Denote rejection of null hypothesis at the 5% and 10% significance levels, respectively. The critical values for bounds testing
are abstracted from Narayan (2005), Case 3: unrestricted constant and no trend.
Diagnostic test is presented as F stat (p-value).
According to Javorcik et al. (2004) and Herzer
(2012), there are several economic and develop-
ment channelling transferring innovation resources
from developed economies to developing
economies, such as foreign direct investments and
technological aids. As developing countries usually
absorb technological innovation from developed
countries, developing countries would inevitably
mimic the technological orientation of developed
countries with similar economic characteristics.
Thus, developing economies could experience
structural changes in electricity generating methods
from developed countries due to the spill over effect
of technology and environmentally friendly
approaches (Herzer, 2012). As a result, the voice of
reducing energy-related CO2 emissions, and trans-
forming non-renewable energy into alternative
energy, has caused traditional fossil fuel powered
electricity to be isolated from the contribution of
technological advancement to electricity generation
(Ediger and Kentel, 1999; Apergis and Payne,
2014).
Second, the degree of dependence on energy
exporting activities does justify the magnitude of
economic growth to fossil fuel powered electricity
consumption. Norway and Ecuador, which have
higher fossil fuel rents than Canada and South
Africa, have presented a stronger impact of eco-
nomic growth on fossil fuel powered electricity con-
sumption than Canada and South Africa. This result
explains the reason that Norway (2.2%) and
Ecuador (4.2%) have a higher average increment in
CO2 emissions from electricity and heat production
than Canada (-0.2%) and South Africa (0.55%)
over the base year (1990) to the implementation
period (up to 2011) of the Kyoto Agreement (World
Development Indicator, 2014g). In brief, the results
indicate that Norway and Ecuador have used in-
home utilization to buffer the side effect of their high
economic dependence on fossil fuel exports at the
expenses of environmental quality.
Last, the consistency in results also offers some
insights to understand the electricity-growth nexus
in net energy exporting economies. The economy-
driven-electricity stance (or the conservation
hypothesis) holds true for all net energy exporting
countries documented in this study. This is because
net energy exporting countries are not subject to the
problems of unstable energy supply and energy
insecurity. This crucial characteristic distinguishes
an energy exporting country from the other energy
importing countries in the electricity-growth nexus
(Mehrara, 2007). Besides, energy prices have been
a significant explanatory variable to economic
growth for Ecuador, South Africa and Canada as an
increase in fossil fuel prices lower fossil fuel pow-
ered electricity consumption in the long run (see
also Tang and Tan, 2012; Tang et al., 2013). Over
the period 1974-2011, the average share of fossil
fuel powered electricity in total consumption for
Ecuador, South Africa, Canada and Norway was
42.2%, 95.1%, 23.2% and 0.5%, respectively. The
unusual price-demand association in Norway could
be a result of the extremely low consumption of fos-
sil fuel powered electricity in its overall economy.
Overall, the diagnostic tests confirm that the
ARDL approach to cointegration is correctly speci-
fied to identify the cointegration features among the
variables. Fossil fuel powered electricity consump-
tion has a long run relationship with energy prices,
economic growth and technological innovation in
all four energy exporting countries. Since all vari-
ables are cointegrated, the short run Granger
causality test shall be conducted within the vector
error correction model to avoid the issue of output
error (Granger, 1988). The results of the short-run
Granger causality test using the error correction
model are presented in Table 6.
The results of Table 6 show that there is slight
incongruence between the long run equilibrium and
the short run relationship. For instance, technologi-
cal innovation has no long run relationship with the
fossil fuel powered electricity consumption level in
all countries, but the short run causal relationship is
limited to Ecuador. Apart from this slight diver-
gence, the short-run dynamic relationships between
54 Journal of Energy in Southern Africa  •  Vol 25 No 3 • August 2014
Table 5: Results of long run coefficient
Coefficient Standard error T-stat
Ecuador
Constant -21.317 11.076 -1.9246*
ln GDP 4.4607 2.1234 2.1008*
ln EP -1.1664 0.5886 -1.9815*
ln PT -0.5511 0.5455 -1.0102
South Africa
Constant 7.9526 0.8943 8.8930§
ln GDP 0.1542 0.0755 2.0426*
ln EP -0.0847 0.0464 -1.8278*
ln PT -0.0493 0.0606 -0.8128
Canada
Constant 3.4576 1.088 3.1781§
ln GDP 0.3429 0.0682 5.0315§
ln EP -0.2614 0.0556 -4.7009§
ln PT -0.2368 0.181 -1.3083
Norway
Constant -27.973 12.953 -2.1595†
ln GDP 3.6179 1.8525 1.9530*
ln EP 0.7247 0.3869 1.8732*
ln PT -0.1916 0.4213 -0.4547
†*, † and * denote rejection at the 1%, 5% and 10%
significance levels, respectively.
Dependent variable = ln EC
the variables fully corroborate the findings of long
run coefficients. The distinctive characteristic of
energy exporting economies is more significant in
the short-run dynamics between the variables.
Additional four observations can be deduced from
the Granger causality test’s results. 
First, the bidirectional relationship between fos-
sil fuel powered electricity consumption and eco-
nomic growth only presents itself in Ecuador and
Norway, which are the group with high economic
dependence on energy exports. Second, electricity
consumption has a bidirectional relationship with
energy prices in all examined energy exporting
countries, except Ecuador which only has a unidi-
rectional causality from energy prices to electricity
consumption. This finding is consistent with the
studies on Pakistan (Jamil and Ahmad, 2010),
Malaysia (Bekhet and Othman, 2011), Romania
(Bianco et al., 2010), United States (Harris and
Lon-Mu, 1993), Cyprus (Egelioglu et al., 2001),
and Sri Lanka (Amarawickrama and Hunt, 2008).
Third, technological innovation is bilaterally tied to
economic growth in all countries, in which this find-
ing supports the endogenous growth theory
(Schumpeter, 1943; Solow, 1956, Romer, 1990).
Last, all error correction terms of the model
specification, i.e. Fec (EC   GDP EP PT), are signif-
icant at either the 1% or the 5% significance level
with negative signs. The results show that any past
year disequilibrium triggered by temporary shocks
will be gradually resolved in the following years.
Although the speed of adjustment is mediocre, the
long-run equilibrium among the variables has per-
sisted over the period from 1974 to 2011. 
The short-run results of the Granger causality
test reveal that temporary friction of the equilibrium
can be lasting for around 1 to 5 years. Further, the
Granger causality from economic growth and ener-
gy prices to fossil fuel powered electricity consump-
tion suggests that temporary adjustments in eco-
nomic productions may transiently spur the use of
fossil fuel powered electricity consumption in all net
energy exporting countries (Payne, 2010). This is
because fossil fuel powered electricity is the cheap-
est method of generating electricity so it could be
more flexibly adjusted than other electricity sources
to match the invisible hand of the market (Nathan,
2007). The long run convergence and bidirectional
relationships between fossil fuel powered electricity
consumption and fossil fuel price corroborate the
theory of consumer behaviour in Canada, Norway
and South Africa. Instead, Ecuador follows a price-
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Table 6: Granger causality test results
Dependent variables
Ecuador
∆ ln EC ∆ ln GDP ∆ ln EP ∆ ln PT ECM
∆ ln EC 6.4987§ 5.0181§ 4.3754† -0.3797§
∆ ln GDP 12.092§ 0.5909 4.8356† -0.3202§
∆ ln EP 0.9706 3.0960* 0.7713 0.1832
∆ ln PT 2.3609* 8.5349§ 0.9221 -0.1881
South Africa
∆ ln EC 4.7263† 5.6483§ 0.079 0.5452†
∆ ln GDP 0.8619 2.9488* 4.6348§ -0.0033
∆ ln EP 4.2818† 2.8031* 2.9503* -0.5186†
∆ ln PT 0.0616 4.5616† 1.5805 -0.5695§
Canada
∆ ln EC 4.4508† 4.4510§ 0.0205 -0.4640§
∆ ln GDP 1.1191 0.1377 11.338§ -0.0489§
∆ ln EP 3.5466† 0.8527 0.151 -0.3774†
∆ ln PT 1.6734 10.771§ 0.4002 -0.5511†
Norway
∆ ln EC 7.8427§ 9.5184§ 0.0004 -0.7589§
∆ ln GDP 2.9442† 10.129§ 4.0801† -0.0158§
∆ ln EP 7.1614§ 3.8514† 0.1088 -0.1426*
∆ ln PT 7.5533§ 3.0520† 0.9472 -0.2240§
†*, † and * denote rejection at the 1%, 5% and 10% significance levels, respectively.
All figures are reported in F-stat.
led electricity consumption pattern. However, the
inverse relationship between prices and demands
does not hold true in Norway since fossil fuel pow-
ered electricity is insignificant in the composition of
Norwegian total electricity consumption. In general,
these findings are adequate for policy makers to
decide which part of economic planning they
should focus on.
5. Conclusions and recommendations
This paper examines both the short-run and long-
run relationships between fossil fuel powered elec-
tricity consumption, economic growth, relative
prices of fossil fuel to non-energy goods and tech-
nological innovation for Ecuador, Canada, Norway
and South Africa. The traditional Augmented
Dickey Fuller and Phillips Perron tests are supple-
mented with the Zivot-Andrew test to account for
the presence of one structural break within the data
series. The ARDL bounds testing approach to coin-
tegration is applied to surmount the problems of
small sample size and I(0)/I(1). Since the model
specification, i.e. Fec(EC / GDP EP PT), is signifi-
cant in the bounds test for all examined countries,
the vector error correction model is applied to
investigate the short-run Granger causality between
the variables over the period from 1974 to 2011.
The results indicate that there is cointegration
among the variables, while fossil fuel powered elec-
tricity consumption exhibits a long run equilibrium
relationship from the functions of economic growth,
energy prices and technological innovation for
Ecuador, Canada, Norway and South Africa.
Although Tang and Tan (2013) reported that tech-
nological innovation could contribute to the devel-
opment of energy efficiency, this study suggests the
contribution of technological innovation may not
be generalised on the fossil fuel powered electricity
generation sector in the net energy exporting eco-
nomic context. This is because efficiency improve-
ments in fossil fuel-related electricity production
have been stagnant since the 1990s (IEA, 2008).
Due to cost concerns and physical conversion limits
of transforming sources (e.g. coal) to electricity, the
majority of the countries have experienced an
improvement in energy efficiency in the fossil fuel
areas regardless of their economic development lev-
els. One of the significant examples is that using
waste-fired plant and fossil fuel with better quality
will impair the cost saving advantage of using fossil
fuel in electricity generation (Bellman et al., 2007).
Thus, four net energy exporting countries docu-
mented in this study did not value the potential sav-
ing from improvements in efficiency despite the fact
that improving efficiency of fossil fuel may reduce
their opportunity costs of exporting fossil fuel.
In summary, Ecuador, Canada, Norway and
South Africa share a similar long run nexus between
fossil fuel powered electricity consumption, eco-
nomic growth, energy prices and technological
innovation. The matrix derived on the basis of fos-
sil fuel rents and economic development provides
this paper some conveniences in addressing further
specificities in the electricity-growth nexus. In the
narrow sense, the proposed matrix does assist this
study in understanding the variation in the electric-
ity-growth nexus. Instead of economic develop-
ment, the characteristic of economic dependence
on energy exports plays a vibrant role in determin-
ing the magnitude of economic growth to fossil fuel
powered electricity consumption. Further, a bidirec-
tional causal relationship between electricity con-
sumption and economic growth is only limited to
the high dependence group, which is inclusive of
Norway and Ecuador. Thus, the economic dilemma
between fossil fuel rents and in-home utilization has
caused serious CO2 emissions issues in Norway and
Ecuador.
Broadly speaking, the net energy exporting
characteristic justifies the general uniformity of the
nexus across all four net energy exporting countries.
Besides, there is Granger causality, as well as a
long-run impact, running from economic growth to
fossil fuel powered electricity consumption in
Canada, Ecuador, Norway and South Africa. The
share of fossil fuel in total electricity consumption
does not influence the direction of causality
between electricity consumption and economic
growth. This result is consistent with the findings of
Mehrara (2007) in dissecting the electricity-growth
nexus for 11 oil exporting countries. Namely, ener-
gy exporting countries are generally presenting at
least a unidirectional causality from economic
growth to electricity consumption, even in the fossil
fuel powered electricity generation sector. Instead of
merely revisiting the electricity-growth nexus in the
context of net energy exporting countries, the
results suggest a need to overhaul past arguments
regarding the causality between electricity con-
sumption and economic growth.
Since the use of fossil fuel powered electricity is
a certain output of economic expansion, economic
pressure disallows Ecuador and Norway, which
have experienced recursive Granger causality from
electricity consumption to growth, to simply alter
the supply of fossil fuel powered electricity.
Although some might suggest the energy insecurity
issue considerably impacts the production input
aspect of energy importing countries, the repercus-
sion of volatile fossil fuel prices also brings an equal
impulse to the national income aspect of energy
exporting countries. Poor innovation in the use of
fossil fuel in electricity generation might encourage
these countries to use fossil fuel as a cheap expend-
able buffer in the meantime of developing alterna-
tive sources for electricity generation. One sugges-
tion for this issue is that Ecuador and Norway, as
well as Canada and South Africa, should reconsid-
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er the development of fossil fuel-related electricity
generation methods to optimize the efficiency of
translating fossil fuel into electricity without com-
promising the environmental quality.
In comparison with global subsidies to renew-
able energy ($57 billion in 2009), the common
approach of subsidizing fossil fuel-associated com-
panies ($312 billion), exclusive of fossil fuel-fired
plants, among energy exporting countries should be
reformulated to discourage the use of fossil fuel in
electricity production for Canada and South Africa.
This is because these two countries do not experi-
ence any Granger causality from electricity con-
sumption to economic growth. Suggestively,
Canada and South Africa could use the open mar-
ket mechanism to gradually adjust the demand and
supply for fossil fuel powered electricity consump-
tion. To be specific, the findings support several
important aspects of the Integrated Resource Plan
for electricity in South Africa. For example, the
aforementioned open market mechanism and
decrease in the use of fossil fuel are consistent with
the introductions of Independent System and
Market Operator Bill (DOE, 2011a) and Electricity
Regulation Act No. 4 (DOE, 2011b), which attempt
to improve the available coverage of electricity sup-
ply via replacing fossil fuel with sustainable sources
in the electricity generation process.
According to EPRI (2010), the cost efficiency
(ZAR/kW) of building a coal powered plant (e.g.
16,880 ZAR/kW) and a wind farm (e.g. 16,930
ZAR/kW) is almost identical. The sole reason for
building a coal powered plant is that there are avail-
able technologies requiring lower subsequent
expenses to sustain the electricity generation
process. However, our findings indicate that fossil
fuel powered electricity consumption has been nei-
ther benefited nor affected by the advancement in
technology over the past few decades. Hence,
South Africa, as well as Canada, is at the threshold
of choosing either efficiency improvement or envi-
ronmental friendliness. Selecting either choice is
less likely to lead to an expansion in fossil fuel pow-
ered electricity production. Therefore, transferring
short-term subsidies to long-term development
seems to be a more sustainable utility policy to
comprehensively take care of different dimensions
of using fossil fuel in electricity generation, although
this policy might cost the re-election chance of the
current ruling party. 
Following the global trend of developing sus-
tainable energy (IEA, 2007; REN 21, 2013), green-
ing policies should be encouraged to extend the
environment’s life span if the use of sustainable
energy does not downgrade the living standards of
these countries, either explicitly or implicitly.
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